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Information processor, program, storage medium, and control circuit 

Field and Background of Invention 

5 The present invention relates to an information processor, program, storage 

medium, and control circuit and, in particular, to an information processor, program, 
storage medium, and control circuit that provides a power saving function. 



10 operating time of portable information processing terminals has been receiving 
attention. For instance, a technology that changes power consumption according to 
the amount of computation has been used. This is shown, for example, in the 
"Advanced Configuration and Power Interface Specification Revision 2.0a n (March 
31 , 2002; Compaq Computer Corporation and four other companies). 



In recent years, power saving technology for increasing battery-powered 



A conventional information processing terminal including ACPI capabilities has 



a normal-operation mode in which coherence control is performed for making data in 
a processor cache memory identical to data in a main memory and a power-saving 
mode in which the coherence control is suppressed to lower power consumption from 
power consumption in normal-operation mode. However, when an input/output device 
5 accesses the main memory to perform bus mastertransfer, the information processing 
terminal cannot be placed in the power-saving mode because coherence between the 
cache memory and the main memory would be lost. To solve this problem, an 
information processor has been proposed that always operates in normal-operation 
mode. However, such an information processor has the problem of consuming a large 
1 0 amount of power. Another approach has been proposed that flashes a cache memory 
immediately before the information processor enters power-saving mode. However, 
this approach has the problem that the cache memory flashing takes long time (for 
example, a processor requires 80 to 400 microseconds). 

15 It is, therefore, a purpose of the present invention to provide an information 

processor, program, storage medium, and control circuit that can solve these 
problems. The purpose is achieved by the combination of features set forth in the 
independent claims herein. The dependent claims define preferable, specific 
embodiments of the present invention. 

20 

Summary of the Invention 

According to a first embodiment of the present invention, there are provided 
an information processor, a program for causing the information processor to 
25 operate, a storage medium on which the program is stored, and a control circuit for 
controlling the information processor. The information processor has a 
normal-operation mode in which coherence control is performed for making data in 
a processor cache memory identical to data in a main memory and a power-saving 
mode in which coherence control is suppressed to lower power consumption from 
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power consumption in the normal-operation mode and enters the normal-operation 
mode when an input/output device accesses the main memory in the power-saving 
mode. The information processor comprises an attribute setting module for setting 
a device area of said main memory that is accessed by the input/output device of 
the information processor to the non-cacheable attribute for exempting the device 
area from coherence control even in the normal-operation mode, and an operation 
mode setting module for allowing the input/output device to access the device area 
while keeping the operation mode of the information processor in said 
power-saving mode when the input/output device requests access to the device 
area in the power-saving mode. 

The summary of the present invention provided above is not a complete list 
of the essential features of the present invention. Sub-combinations of the features 
are also included in the present invention. 



JP920030012US1 



3 



Brief Description of Drawings 

Some of the purposes of the invention having been stated, others will appear 
5 as the description proceeds, when taken in connection with the accompanying 
drawings, in which: 

Figure 1 shows a functional block diagram of an information processor 10; 

Figure 2 shows a block diagram of a bus arbiter 135; 

10 

Figure 3 shows a flowchart of a process performed by a device driver 300; 
Figure 4 shows a flowchart of a process performed by an operating system 

200; 

15 

Figure 5 shows a flowchart of a process performed by a device driver 300 
according to a variation; and 

Figure 6 shows a flowchart of a process performed by an operating system 
20 200 according to the variation. 
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Detailed Description of Invention 

While the present invention will be described more fully hereinafter with 
reference to the accompanying drawings, in which a preferred embodiment of the 
5 present invention is shown, it is to be understood at the outset of the description 
which follows that persons of skill in the appropriate arts may modify the invention 
here described while still achieving the favorable results of the invention. 
Accordingly, the description which follows is to be understood as being a broad, 
teaching disclosure directed to persons of skill in the appropriate arts, and not as 
10 limiting upon the present invention. 

Figure 1 shows a functional block diagram of an information processor 10. 
The information processor 10 has a number of operation modes that provide 
different amounts of power consumption in order to maintain a 

15 low-power-consumption mode even when a device accesses a memory. The 
information processor 10 comprises a processor 1 10, a main memory 120, a 
system controller 1 30, a bus arbiter 135, PCI bus master devices 140a to 140c, 
each of which is an exemplary input/output device, a communication interface 150, 
a hard disk drive 160, a floppy disk drive 170, and a CD-ROM drive 180. The 

20 information processor 10 further comprises a device driver 300 and an operating 
system 200 stored in the main memory 120 and executed by the processor 110. 

The processor 110 controls the components of the information processor 10 
according to programs stored in the main memory 120. The processor 110 has a 
25 cache memory 350 for storing data read from the main memory 120 and performs 
coherence control for making data in cache memory 350 identical to data in the 
main memory 120. 

The main memory 1 20 outputs data it stores to the processor 1 1 0 or one of 
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the PCI bus master devices 140a to 140c. The main memory 120 stores data 
received from the processor 1 1 0 or one of the PCI bus master devices 1 40a to 
140c. Furthermore, the main memory 120 receives and stores a program or data 
from the hard disk drive 160, floppy disk drive 170, or the CD-ROM drive 180 
5 through the processor 1 1 0. 

The system controller 130 interconnects a host bus onto which the processor 
110 and the main memory 120 are connected, a PCI bus onto which the PCI bus 
master devices 140a to 140c and communication interface 150 are connected, the 

10 hard disk drive 160, the floppy disk drive 170, and the CD-ROM drive 180. The 
system controller 130 has the bus arbiter 135. The bus arbiter 135 receives a 
memory access request signal that is provided from each of a number of 
input/output devices, for example PCI bus master devices 140a to 140c in order to 
access the main memory 120. The bus arbiter 135 allows one of the PCI bus 

1 5 master devices 1 40a to 1 40c to access the main memory 1 20. 

The PCI bus master device 140a is a device that controls inputs from and 
outputs to external devices. It may be a device for controlling a USB mouse, for 
example. The PCI bus master device 140a controls the inputs and outputs 
20 according to instructions from the device driver 300. The PCI bus master device 
140a accesses the main memory 120 as necessary. The PCI bus master devices 
140b and 140c are similar to the PCI bus master device 140a and the description 
of which will be omitted. 

25 The communication interface 150 communicates with other devices over a 

network. The hard disk drive 1 60 stores programs and data used by the 
information processor 10. The CD-ROM drive 180 reads a program or data from a 
CD-ROM 195 and provides it to the main memory 120 through the system controller 
130. The floppy disk drive 170 reads a program or data from a floppy disk 190 and 



JP920030012US1 



provides it to the main memory 120 through the system controller 130. 

The operating system 200 has an idle handler 220 that changes the 
operation mode of the information processor 10 according to the state of the 
5 information processor 1 0 and a memory manager 21 0 that manages the main 
memory 120. In particular, the information processor 10 has a normal-operation 
mode in which coherence control is performed for making data in the cache 
memory 350 identical to data in the main memory 120 and a power-saving mode in 
which the coherence control is suppressed to lower power consumption from that in 

10 the normal-operation mode. The idle handler 220 causes the information processor 
10 to switch one mode to the other. For example, when the idle handler 220 
receives in the power-saving mode an access request signal provided from one of 
the PCI bus master devices 140a to 140c attempting to access the main memory 
120, the idle handler 220 places the information processor 10 in the 

15 normal-operation mode. On the other hand, the idle handler 220 places the 

information processor 10 in the power-saving mode after the processor 1 10 is idle 
for a predetermined period of time in the normal-operation mode. Furthermore, the 
idle handler 220 changes conditions for switching the operation mode by changing 
the value of a register in the bus arbiter 135 according to an instruction from an 

20 operation mode setting module 320. 

The normal-operation mode herein may be an operation mode such as the 
CO processor power state, C1 processor power state, or C2 processor power state 
described in non-patent literature 1 in which coherence control is performed. The 
25 power-saving mode herein may be an operation mode such as the C3 processor 
power state or C4 processor power state described in non-patent literature 1 in 
which coherence control is suppressed. 

When the memory manager 210 receives an area reservation instruction for 
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reserving a device area that is accessed by the PCI bus master device 140a from 
the attribute setting module 310, the memory manager 210 associates and 
allocates an area in the main memory 120 with and to the PCI bus master device 
140a. When the memory manager 210 receives from the attribute setting module 
310 an attribute setting instruction for setting the device area to the non-cacheable 
attribute that exempts the device area from coherence control even in said 
normal-operation mode, the memory manager 210 sets the area in the main 
memory 120 to the non-cacheable attribute. For example, the memory manager 
210 sets the device area to the non-cacheable attribute by overriding a cache 
attribute in a page table entry of the device area. Furthermore, when the memory 
manager 210 receives an attribute setting instruction for setting a cacheable 
attribute that requires coherence control in the normal-operation mode, the memory 
manager 210 may set the area in the main memory 120 to the cacheable attribute. 

15 The device driver 300, which is an example of a program according to the 

present invention, has the attribute setting module 310 and the operation mode 
setting module 320. The attribute setting module 310 sends an area reservation 
instruction to the memory manager 210 in response to a command from a user 
when a new PCI bus master device 140a, for example, is connected to the 

20 information processor 10. The attribute setting module 310 sends an attribute 
setting instruction for setting a device area to the non-cacheable attribute to the 
memory manager 210 to set the device area to the non-cacheable attribute. In 
response to this, the operation mode setting module 320 sends to the idle handler 
220 a condition change instruction for changing the condition for switching between 

25 the operation modes, in particular, an instruction for retaining the power-saving 
mode even if the PCI bus master device 140a requests access to the device area. 
Consequently, the operation mode setting module 320 can allow the PCI bus 
master device 140a to access the device area while maintaining the power-saving 
mode. 



5 



10 
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In this way, the information processor 10 sets a device area of the main 
memory 120 which the PCI bus master device 140a accesses to the 
non-cacheable attribute to avoid the need for cache coherence control. When the 
PCI bus master device 140a requests access to that device area, the information 
5 processor 10 maintains the power-saving mode. Thus, the information processor 
10 can reduce power consumption while maintaining coherence between data in 
the main memory 120 and the cache memory 350. 

The program to be provided to the information processor 10 is stored on a 
10 storage medium such as a floppy disk 190, a CD-ROM 195, an optical storage 
medium such as a DVD and PD, a magneto-optical storage medium such as an 
MD, a tape, or a semiconductor memory such as an IC card, and provided by a 
user to the information processor 10. Alternatively, a storage device such as a hard 
disk or a RAM provided in a server system connected to a private communication 
1 5 network or the Internet may be used as a storage medium to provide the program to 
the information processor 10 through the network and the communication interface 
150. 

The program described above has an attribute setting module, an operation 
20 mode setting module, a memory manager module, and an idle handler module. 
These modules cause the information processor 10 to perform the same 
operations that are performed by their corresponding components of the 
information processor 10, which will be described with reference to Figures 1 to 6. 
The description of these program modules therefore will be omitted herein. 

25 

Figure 2 shows a block diagram of the bus arbiter 135. With reference to 
Figure 2, a method performed by the bus arbiter 135 for setting an operation mode 
switching condition for each input/output device will be described. The bus arbiter 
135 has an arbitration circuit 400 that performs host bus arbitration among the PCI 
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bus master devices 140a to 140c, a control circuit 410 that controls operation 
mode switching, and an OR circuit 420 that receives an access request signal from 
any of the PCI bus master devices 140a to 140c and outputs it to the processor 
110. When the arbitration circuit 400 receives a request signal, which is an 
5 example of an access request signal, from each of the PCI bus master devices 
140a to 140c, the arbitration circuit 400 provides a grant signal for granting 
communication over the host bus to one of the PCI bus master devices 140a to 
140c. As a result, the PCI bus master device 140 that receives the grant signal can 
access the main memory 120. The arbitration circuit 400 provides the request 
10 signal received from the PCI bus master device 140 to which it has granted the host 
bus communication to one of masking modules 440a to 440c. The OR circuit 420 
provides the logical OR of requests signal received from the control circuit 410 to 
the processor 1 10 through a control LSI as a bus master status, for example. 

15 The control circuit 410 has register modules 430a to 430c for storing a 

plurality of pieces of mask data associated with the respective PCI bus master 
devices 140a to 140c, masking modules 440a to 440c for masking access request 
signals, and input modules 450a to 450c for inputting the masked signals to the 
processor 110. The register module 430a is associated with the PCI bus master 

20 device 140a and stores mask data for specifying whether or not an access signal 
request from the PCI bus master device 140a is disabled. The register modules 
430b and 430c are substantially the same as the register module 430a, except that 
the register module 430b and the register module 430c are associated with the PCI 
bus master devices 140b and 140c, respectively, and therefore the description of 

25 which will be omitted. 



The masking modules 440a to 440c obtain an access request signal from 
each input/output device from the arbitration circuit 400, masks the access request 
signal, and outputs it to the input modules 450a to 450c. In particular, the masking 
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module 440a obtains an access request signal from the arbitration circuit 400 that 
is issued by the PCI bus master device 140a, masks the access request signal with 
mask data associated with the PCI bus master device 140a and stored in the 
register module 430a, and provides the masked access request signal to the input 
module 450a. The masking modules 440b and 440c are substantially the same as 
the masking module 440a, except that the masking modules 440b and 440c are 
associated with the PCI bus master devices 140b and 140b, the register modules 
430b and 430c, and the input modules 450b and 450c, respectively, and therefore 
the description of which will be omitted. 

The input modules 450a to 450c input the signals masked by the masking 
modules 440a to 440c into the idle handler 220 running on the processor 1 10 to 
change the operation mode of the information processor 10. 

Consequently, the operation mode setting module 320 can associate mask 
data disabling the access request signal with the PCI bus master device 140a, 
which is an input/output device accessing the device area and store it in the register 
module 430a to maintain the information processor 10 in the power-saving mode. 

On the other hand, the operation mode setting module 320 associates and 
stores mask data that enables an access request signal with the PCI bus master 
device 140b and in the register module 430b. Thus, when a device other than the 
PCI bus master device 140a, the PCI bus master device 140b in this example, 
attempts to access an area in the main memory 120 with the cacheable attribute 
which requires coherence control in the normal mode, the operation mode setting 
module 320 can change the operation mode of the information processor 10 to the 
normal-operation mode. 

A cacheable attribute is set on a memory area and indicates that the 
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processor 1 10 should apply coherence control to that area in the normal-operation 
mode. For example, when the PCI bus master device 140b writes to an area for 
which the cacheable attribute is set, the processor 1 10 first determines whether or 
not the data in that area is stored in the cache memory 350. If the data in that area 
5 is stored in the cache memory 350, the processor 1 1 0 performs coherence control 
so as to invalidate the data in the cache memory 350. In short, the cacheable 
attribute is set on a memory area and indicates that the data in that area is stored in 
the cache memory 350, and, when a change is made to that data, the processor 
110 performs coherence control. 

10 

In an alternative configuration to the one shown in Figure 2, the arbitration 
circuit 400 may receive access request signals from input/output devices 
sequentially through a serial input. In that case the masking modules 440a to 440c 
may sequentially mask the received access request signals and send them to the 
15 OR circuit 420 through the input modules 450a to 450c. 

Figure 3 shows a flowchart of a process performed by the device driver 300. 
The attribute setting module 310 sends an area reservation instruction to the 
memory manager 21 0 to reserve a device area to be accessed by the PCI bus 

20 master device 1 40a (S300). The attribute setting module 31 0 then sends an 

attribute setting instruction to the memory manager 210 to set the device area to the 
non-cacheable attribute (S310). Then, the operation mode setting module 320 
sends a condition change instruction to the idle handler 220 to disable an access 
request signal provided from the PCI bus master device 1 40a to the processor 1 1 0 

25 (S320). 

The operation mode setting module 320 then causes the PCI bus master 
device 140a to perform bus master transfer. That is, it allows the PCI bus master 
device 140a to access the device area (S330). On the completion of the bus 
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master transfer, the attribute setting module 310 sends an attribute setting 
instruction to the memory manager 210 to set the device area to the cacheable 
attribute (S340). 

5 Figure 4 shows a flowchart of a process performed by the operating system 

200. The idle handler 220 performs the process shown in Figure 4 if, for example, 
the processor 1 10 is idle for a predetermined period of time. If bus master transfer 
that is access to from the PCI bus master device 140a to the main memory 120 is 
being performed (S400: YES), the idle handler 220 ends the process. On the other 

10 hand, if the bus master transfer is not performed (S400: NO), the idle handler 220 
disables host bus arbitration (S410). As a result, only the processor 1 10 can use 
the host bus for communication and the idle handler 220 can prevent the PCI bus 
master devices 140a to 140c from using the host bus for communication. For 
example, the idle handler 220 sets the ARB_DIS bit in a system based on the ACPI 

15 (Advanced Configuration and Power Interface) specification. Alternatively, the idle 
handler 220 may call the API of the operating system 20 to disable host bus 
arbitration. 

In response to a condition change instruction from the operation mode 
20 setting module 320, the idle handler 220 then sets an interrupt signal input into the 
processor 1 10 and an access request (bus master request, for example) from the 
PCI bus master devices 1 40a to 140c for accessing the main memory 1 20 as the 
conditions for changing from the C3 processor power state to the CO processor 
power state (S420). For example, the idle handler 220 sets the BM_RLD bit in an 
25 ACPI-based system to set an event for changing the processor power state. Then 
the idle handler 220 changes the operation mode to the C3 processor power state 
(S430). 

When the idle handler 220 receives an interrupt or a bus master request, it 
JP920030012US1 13 



changes the operation mode to the CO processor power state (S440). Then, the 
idle handler 220 enables the host bus arbitration (S450). 

In this way, according to the present embodiment, the information processor 
5 10 allows a preset device, the PCI bus master device 140a for example, to access 
a device area, while maintaining the power-saving mode. This allows the 
information processor 1 0 to reduce the power consumption. 

On the other hand, when a device other than the PCI bus master device 
10 140a, for example the PCI bus master device 140b accesses an area in the main 
memory 120 with the cacheable attribute requiring coherence control in the 
normal-operation mode, the operation mode setting module 320 can change the 
operation mode to the normal-operation mode. This allows the information 
processor 10 to control coherence between data in the main memory 120 that is 
15 accessed by the PCI bus master device 140b and data in the cache memory 350. 

Figure 5 shows a flowchart of a process performed by the device driver 300 
according to a variation of the embodiment. Unlike the bus arbiter 135 in Figure 2, 
a bus arbiter 135 of an information processor 10 in this embodiment does not have 
20 to include a control circuit 410. The configuration of the information processor 10 in 
the embodiment is substantially the same as that of the information processor 10 
shown in Figures 1 and 2. Therefore only differences will be described. 

An attribute setting module 310 sends an area reservation instruction to a 
25 memory manager 210 to reserve a device area to be accessed by PCI bus master 
devices 140a to 140c (S500). The attribute setting module 310 then sends an 
attribute setting instruction to a memory manager 210 to set the device area to the 
non-cacheable attribute (S510). 
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Then the operation mode setting module 320 causes the PCI bus master 
devices 140a to 140c to perform bus master transfer, namely access to the device 
area (S520). On the completion of the bus master transfer, the attribute setting 
module 310 can send an attribute setting instruction to the memory manager 210 to 
5 set the device area to the cacheable attribute (S530). 

Figure 6 shows a flowchart of a process performed by an operating system 
200 according to the variation. An idle handler 220 performs the process shown in 
Figure 6 if a processor 1 10 is idle for a predetermined period of time. The idle 
10 handler 220 enables host bus arbitration (S600). If host bus arbitration has already 
been enabled, the idle handler 220 does not perform any process at step S600. 
The idle handler 220 enables host bus arbitration by clearing the ARB_DIS bit in an 
ACPI-based system, for example. 

15 In response to a condition change instruction from an operation mode setting 

module 320, the idle handler 220 sets an interrupt signal input into the processor 
1 10 as a condition for switching from the C3 processor power state to the CO 
processor power state (S610). For example, the idle handler 220 sets only an 
interrupt signal input as the event for changing from the C3 processor power state 

20 to the CO processor power state by clearing the BM_RLD bit in the ACPI-based 
system. This allows the operation mode setting module 320 to disable an-access 
request signal from any of the PCI bus master devices 140a to 140c: The idle 
handler 220 changes the operation mode to the C3 processor power state (S620). 
When the idle handler 220 subsequently receives an interrupt, it changes the 

25 operation mode to the CO processor power state (S630). 

In this way, according to this embodiment, the operation mode setting 
module 320 can disable an access request signal from any of the PCI bus master 
devices 140a to 140c to allow all input/output devices to access device areas, while 
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maintaining the power-saving mode of the information processor 1 0. The 
information processor 10 causes almost no loss in the efficiency of memory access 
if the frequency with which the processor 120 accesses the device area is low. 
Furthermore, the information processor 10 can maintain the power-saving mode 
5 regardless of access from the input/output devices. Consequently, power 
consumption can be reduced. 

The present invention has been described with respect to embodiments 
thereof, the technical scope of the present invention is not limited to the 

10 embodiments. Various changes or improvements can be made to the 

embodiments. It will be appreciated from the claims that embodiments to which 
such changes or improvements are made also fall in to the technical scope of the 
present invention. For example, the information processor 10 may switch between 
the process described in the embodiment and the process in the variation, 

1 5 according to a policy set by a user. In particular, the information processor 10 may 
perform the process described in the variation when a policy that attempts to 
minimize power consumption is set, and perform the process described in the 
embodiment when a policy that attempts to provide balance between processing 
speed and power consumption is set. 

20 

In the drawings and specifications there has been set forth a preferred 
embodiment of the invention and, although specific terms are used, the description 
thus given uses terminology in a generic and descriptive sense only and not for 
purposes of limitation. 
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